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A PRECISION AC-DC DIFFERENTIAL 
VOLTMETER/DC STANDARD WITH HIGH VERSATILITY 

A versatile new instrument measures ac voltages with high accuracy from 
20 c s to 100 kc s by comparing the unknown to a precision dc voltage. It 
also measures dc voltages to 0.02% and supplies high-resolution dc voltages. 



JLhi .iiiiii,k\ nt ,!< voltage measure 
ments has always been tempered bj the 
hick i>t ei primary standard oi m volt- 
It i^ thu& necessar) to measure ac 
voltages in ui ins of related d< voltages 
thai in nun run he referenced to a 
basic standard. 

Highest :m ui .tt \ in a< voltage meas- 
urements is achieved by ;i substitution 
technique that uses vacuum ihcrmo- 
• oupies tn relate theai toan ao m jicIy- 
knowti dc Highly refined versions <>l 
this technique achieve accuracies <>i 
0*0!% hut painstaking, time-consum- 
ing, laboratory pro* edures are required 
for this level oi aa unra* j 

\ new nisiiunirnt now ninkrs if pos- 
sible u> make m voltage measurements 
to bettei than 0*O# .. a* i unw j m fewei 
sti ps and wiihnut the environmental 
restrictions oi precautionary measures 
required oil thermocouple measure- 
ment. Hie new rnsinumm iim -s ,i jut 
cjston rectifying circuit to convert the 
unknown *u dirrc rl\ m de, and ihe re- 
sulting dc is read to %+plati resolution 
by a differential voltmetei technique. 

\ '\w uu , jmmmih -in is sti;i[trlnh>i w;ml in 




Wig, I. Ncjr -£p- Model 7*M AC/DC Differential Voltmeter/ DC Standard makes 
highly accurate measurements of ac voltages as uvil as zeroing as dc differential 
voltmeter and as stable source of dc voltages* A» shown fcere, m differential volt' 
meter function is useful for calibrating oscillators and for making long term ampli- 
tude stability measun menu. 



thai i lie ;u remains connected m the 
converter at :ill times ind can be moni- 
tored continuously, 

THE AC-DC DIFFERENTIAL 
VOLTMETER/ DC STANDARD 

Besides a precision ac-to»dc con 
verier, ihe ne% instrument, the hp- 



Model 71 1 A Vein: Differential Vote 
nietci DC Standard, has the Mable 
reference voltage source, precision re* 
sistive dividej, and sensitive null in 
d tea tor required for differentia] volt 
metei measurements^ *im\ ii makes 

' Robert E, Wjlson, "A Comfcrned DC Voltage Standard and 
Differential Voltmeter for Pfecrse Calrbratton Work/' 
Hewlett Pac*arij Inurn^r, Vol 16, No, 9, May '65 
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n switch k $ei fat oi differential voltmeter reads difference between Reference Voltage ami voltage car* 

mode (AC ^\M). in which Null Meier indicates difference responding to dc input. Adjustable /?i Voltage heca 

(differential) between Adjustable Htfx \ltage and dc input to amplifier when instrument 
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Ki£. 3. Typical accuracy of new ac differential volt met* t is 
shown here by curves which plot errors as o function of fre- 
quency and of signal amplitude. Compensated ae-to-dc con 
verier enables high accuracy throughout wide frequency band. 

su< h measurements on eithei a< *n rli 
voltages (Fig; 2). I he instrument's ctr- 
cuiis can also be switched to function 
as a highly accurate source ol siahlr i!< 
voltages, selectable over a range ol U io 
Mini! V in addition, the instrument is 



Fig i New -hfh- Model 741A AC /DC Differentia! Voltmeter/ 
DC Standard has tow capacitance probe for at input. Prate and 
dc input ami output an* flouting. Four VOf.TAGE SET controls 
set resistive divider and push-buttons concentric with VQIA 
AGE SET knobs select sensitivity of front panel meter. RANGE 
switch sets illuminated dent not point indicators, OVKRLOAD 
indicator light* if input toft age exceeds selected range or if (ntt - 
put current exceeds selected limit Overload protection to ItiQQ 
volts is provided on all ranges, 

with .inui.inr, i\jiHj||\ \iv\\v\ Hun .iilk Ik <l to t Jit.- i itsi i ument Hie input 
v; . Siiiliiliiy remains hii;li above MKJ capacitance ol the Umegohin probe is 



roi measuring the amplitude drift oj pi contact with the measured circuit, 

three feet Eroni the front panel. 

The tew- 1 apa< itarn e results from the 
use ol ,i rxiaxial t able. The tinier ^] i i « ■ I ■ I 
ol the cable Is driven in phase with the 
input signal i<> reduce the voltage dif- 
enhanced b) the high-irapedarice probe hi erne between tenter conductor ami 

TABLE I 
ABBREVIATED SPEC IF* CATIONS, -hp- MODEL 74IA AC-DC DIFFERENTIAL VOLTMETER/DC STANDARD 



oscillators and amplifiers with high 
resolution at anj Frequency up to SCO 

kt s. 

HIGH-IMPEDANCE INPUT 
The accuracy o* ;u measurements is 



useful as a precision powei ora voltage ^ s an ^ ,ne instrument is thus useful less than 5 pl ; and this is at the point 
amplifier, and as either an ac or dc 
blgh-iriipedance, direct-reading elec- 
tronic voltmeter. Obviously, the new 
instrument, which has many ol the 
basic functional blocks of a secondary 
voltage standards laboratory, performs 
a varicrx ol tnc ^urement arid calibra 
(inn taskN, ;is suggested by the capabili- 
ties summarized in Table I Ir m hieves 
litis versatility, however, at a co$i con 
siderabf) lowei than thai ol an assem- 
blage pi separate instruments oJ com 
parable accuracy^ 

\% an a i differential vol t meter, the 
new instrument iN capable of reading 
Nine wave voltages greatei than 50 mV 
with an accuracy of he tier than ±n.n,"i , 
ol reading £0.01% of t od a ale within 
a frequent ) range ol I 00 i s n> lo L s. 
Over the full-rated range From 20 < s 
to Mmi kt n, ,m i mat \ jn ±ii.l." , ol read- 
ing ±<MM'. oi end si ale. The instru- 
ii< in is thuN well-suited lor measuring 
m volumes til high aerurao amplifiers 

and servo systems, Eoi measuring the 
stability of inverters and a< power sup- 
plies* h>i calibrating osdllatorSj foi 
measuring the turns ratio oi transform- 
ers, and for making many other pre* i- 
sion ac voltage measurements. 

l lie instrument also responds to sig- 
nals with frequencies higher ih,ni 100 
ki n, providing indications to 500 k< s 



Function 


Ranges 


Max. Reading 
Resolution 


Accuracy 


Stabilitv ,nput 
siaoiiny Impedance' 


ac itfi* 


1,10, 100. 

1000 V rms 


0.005% of end 
scale 


(See below) 


-.: 0.07% /day 


1 Megohm 
< 5 pF 


DCAVM 


l t 10, 100, 1000 V 


002% of end 
scale 


+J0.02".. ill 
reading 1 10 u-V 


< 0.003 •■■„ /day 

< 0.005% /mo. 


> 10* ohms 


DC Standard 


i, io. too. rooo v 


1 ppm 


^rO.02% of 
setting - 10 /iV 


< 0,003 %/day 
-:. 0,005 '■' 




AC VM 


1, 10, tOO mV 
1. 10. 100, 1000 v 


02 mV rms on 

JO mV rangfr 


± 2% of end scale 
above 50 mV 
{2Qc/S'lQ0kc/s> 




1 Megohm 
-.5 pF 


DC VM 


1. 10, 100 mV 

1. 10, 100. 1000 V 


0.02 mV on 
I mV range 


~.t:2% of end scale 




>1D* ohms 


DC Power 
Amplifier 


Unity voltage gam' input: to 
1000 V: output: up to 20 mA 


■ 0$ ' ., 


< 0.002% /day 


> 10'ohms 


DC Voltage 

Amplifier 


Gam; -60 to -60 dB in 20 dB steps, depending on 
RANGE and SEN SITE VtTY settings 




> 10* ohms 


AC toDC 
Converter 


Average responding; dc output corresponds to rms vain* 
of smefrave input, Conversion gain is same as dc volt' 
age amplifier. 




1 Megohm 
* 5pF 












* Output taken at rear-panel RE 
"" Below 50 mV, AC VM accuracy 

' ' Both AC and DC inputs are fha 


CORDER connecto 
t is 2% ■ 0.2 mV i 
atmg tup to 500 V 


r max. oulput 1 V into Ik ohm 
20 c/s 50 kc/sj. 
dc max. J. 


AC AVM Accuracy (% of reading) 

50 mV to J kV I mV to 50 mV 

0.05% 4 0,01% of end scale, 100 c/s to 10 kc/s 0.2% 1 0.02% c-f end scale, 20 c/s 50 kc/i 
0.1% | 0.01% of end scale, 50 c/s to 50 kc/s 
0.15% t 0.01% of end scarp. 30 c/s to 50 c/s 
02% i 01% of end scale, 20-30 c/s f 50-100 kc/s 
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Fig. 5. Amplitude stability of Model 741 A AC Differential Volt- 
meter is shown here hy measurements made simultaneously hy 
two instruments on one 10-eolt, l*hcfs source during period of 



14 17 



four months. To remove drift of source from results, source volt- 
ag* was adjusted to standard level hy thermocouple transfer 
measurement prior to each measurement. 



inner shield. Charging currents are 
ihus reduced to negligible proportions. 
In high frequency jm measurements, 
the tow input capacitance causes less 
error horn source loading than does 
the more commonly found instrument 
input capacitance oi 25 ^1 pF, a figure 
which docs not im Lude the added, and 
oJ i < ■ 1 1 unknown, i apat nance oi i on 
n<< i ing < ables. 

The low input capacitance is also 
important in measurements where 
capacitance loading is critical as, for 
example, in feedback systems where 
added capacitance might cause insta- 
bilities by affecting the performance of 
stabilizing networks. The low capaci- 
tance also makes it possible to measure 
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hp 741A 


Mil SUt Y 680 
RECORDER 
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high a< voltages without drawing 

overly large rea* trve t urrents. 

DC MEASUREMENTS 

As ( \ di instrument, the new AC-IYC 
Differential Voltmeter/DC Standard 
niav be used fOt precision <!< voltage 
measurements on <U\ u es su< h as trans- 
ducers, attenuators, thermocouples, 
arid powei supplies, eithei differen- 
tially with 0*02% accuracy, 02 directly 
with 2% im inn 5 i sec Table 1). DC in- 
put impedance is exceptionally high 
Oil) 1 ohms) on all ranges regardless 
of whether or not the instrument is 
adjusted for a null reading. 

\s a source oJ d< standard voltages 
from I) to I DlXI volts, the new instru- 
ment, with its 0.02% accuracy and (i- 
place resolution on each ol lour ranges, 
i\ w* II suited for the i allbration of digi- 
tal voltmeters oi othei pin iaion instru- 
ments. An adjustable current contiol 
limits the output I urrcni within a 
range of \ to 20 milliamperes lor the 
protection ol external ein nits. The in 



stiutueHL also lutiitions as a precision 
powei amplifier with unit) voltage 
gain or, when the output Is taken from 
the reai panel recorder output, -*s a 

voltage amplifiei with up to GO dB 

gain, 

AC DIFFERENTIAL VOLTAGE 
MEASUREMENTS 

A block diagram of the new instru- 
ment in the at differential voltmctej 
fin" t-e' ol operat ion i^ slum u in Fig, 7 
To make an ac differential voltage 
measurement, the Voltage dei ived from 
the highly precise resistive divider is 
bucked againsi the dc output of the 
converter, I he resistive divider is ad- 
justed by the from panel vol i ace set 
controls until its output equals the 
converted ac, as shown by the sensitive 
null meter. The sensitivity ol the null 
meter, selected by the front panel sr.v 
SlTlvm controls, <-m be made as hi^li 
as I mV lull scale* I he setting oi the 
resistive divider thus indicates the 
value oi thea< input voltage with high 
resolution. 



+ .01 



** - oi- 




+ .01 




,.wm 



Fig. Ci. Strip chart recording made during 24-hour period hy Model 323 A Audio Voltage Standard at 10 kefs. Voltage Stand 
Model 741 A AC Differential Voltmeter on fOO-Vott output of Holt ard ha* specified stability of +Q r Q2% f 10 seconds to 60 days). 
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F\g. 1. Simplified block diagram of new instrument in a< differential voltmeter 

mode. To function an direct -reading av voltmeter, meter circuit is switched to 

read converter output directly. Meter has lou -drift amplifier (not shown) for 

increased sensitivity in either made 



ACTO-DC CONVERTER 

The ao ui a< ies < *\ tl< ddU-i em ial volt* 
tiu'in measurements are determined 
primarily by the resistive divider and 
the reference voltage 2 , bin in a< meas- 
urements, these arc overshadowed by 
considerations ol the accuracy oi the 
ac umIc conversion. An accurate at m 
<h tonverter, usable over a broad 
bandwidth, therefore became a prime 
objective in the design oi the new 
instrument 

A simplified block diagram oi the 
converter and related circuitry is 
shown In Fig, 8, A dt voltage equiva- 
lent to the average value of ihe ac sig- 
nal is obtained by integration of the 
half-cycle current pulses passing 
through diode D2. The converter thus 
responds to the average value of the 
input waveform Inn the high-precision 
circuit constants were chosen so that 
the smoothed tit equals the rms value 
oi a sine wave input. 

Inaccuracies caused by the resistance 
change in the diodes, from 50 to 500 
ohms during a HI- to- 1 dynamic change 
in the input signal, have been made 
less than u 01% by designing the ampli- 
fier to have an effective output imped- 
ance greater than II) megohms. Diode 
capacitance, however. In passes some of 
the signal at frequencies above IS kr s. 
This is compensated for by a low-pass 
filter in the feedback (Beta) network 
that attenuates the feedback signal at 
higher frequencies to increase the sys- 
tern forward gain. High frequency kiss 
in the diodes is also a function id signal 
amplitude, hence the filter cut-off f re- 
queue) is shifted according o> signal 
amplitude. The change in eut-ofl Ere 

quencv is caused bv a voUage-vai tabli 
' See reference 1, page 2. 



capacitance th;u has been placed in 
parallel with the Bltei < apai ttan< e and 
which is biased according to signal 
level b\ a voltage derived from I he tit 

output c *f the convertei 

With compensation thus obtained 
Inr both ihe frequency and the ampli- 
tude of the input signal, it has been 
possible to achieve act urate at-to-dt 
conversion that is linear ovei an am- 
plitude range from 1 lo nl J till scale- 
to full stale throughout a broad fre- 
quency range (Fig. 3). With proper 
calibration procedures! it is possible to 
reduce errors to less than ±0.0-4% ol 
reading, ±0,0-1% end scale between 100 
cps and 100 kc s under normal lahoia 
tory conditions. 

LONG TERM STABILITY 

Particular emphasis in the design ol 
the [iew instrument was placed on 
at hieving long term stability. Special 
high-frequency wire-wound resistors 
are used in the input attenuator and in 
circuit aieas which determine amplifier 
gain stability. These resistors have tem- 
perature coefficients of less than 5 



ppui (- and, along with the large 
amount <d negative feedback, have 
made it possible to design the ac-to-dc 
ton setter to have a typical stability ol 
100 ppm month, under normal condi- 
tions, and to have a temperature co- 
efficient <>f less than 10 ppm C be- 
tween and 40 G lor frequencies up to 
10 b s. ACi measurements may thus be 
made with stabilities that normally 
have been at hieved only with di meas- 
urements, and without requiring a 
carefully controlled environment. 

The stability achieved by the instru- 
ment is shown in Fig. 5. whit h is a plot 
of measurements on one at voltage 
standard made simultaneous]) by two 
ol the new instruments ovei a I -month 
period. The record shows a long-term 
stability of ±0.02% for each instru- 
ment, and the maximum deviation be- 
tween instruments is only 0.01%. 

fig. 6 shows a 24-hour recording oJ 
the output ol one instrument while 
connected to a laboratory at voltage 
standard. The maximum deviation 
here, which also reflects the stabiHtv 
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Fig. 8. Elements of precision QC-tO-dc converter. Half -cycle current pulses through 
diode D2 are integrated to obtain output equivalent to average value of ae input- 
Diode Dl restores charge withdrawn by D2 from capacitor C. Two diodes ivorking 
together feed full waveform to feedback network. 
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of ihc standard, is 30 ppm. 

\i bigiiei frequencies, the stabilities 
ol i he high-frequency compensating ca- 
pacitors influence overall instrument 
stability, \r TjU kt s, stability is typi- 
<.dl\ In ur] than 0.63% month and at 
JOU la s, it is typically better than 
0.1% month. 

DC FUNCTIONS 

\ block diagram of ihe new in.su u- 
iNt-nt operating in the d< differential 
voltmeter mode is shown in iij;. 10, 
The inpui voltage is applied directly 
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Fig, 9. Amplitude stability of new instrument in dc differential 

voltmeter mode plotted for period of four month* while instrument 

monitored voltage of nine series eon netted standard cells. 



In the d* voltmete? modes, the volt 
<iv,v .u the input is re-created ai front 
panel output terminals, but with a 
capability Foi supplying up to 20 mA 
pi current, The instrument therefore 
functions as a power amplifier \ v- i i F i 
unit) voltage gain and nub the hi^h 

dc inpui impedance that is char; 

ts I the dx voltmetei tnodes ol op- 
eration. The instrument ma\ thus be 



output of the resistive divider and the 
i«>:j summing point whereli Is opposed resulting difference is displayed b\ the 
bv the voltage output of the amplifier null meter. The resistive divider, ad- 
chain. The amplifiers function as an justed to bring the difference to a mini- 
automatic null-seeking system thai ;is- mum, indicates the voltage with Eour- 
sures the equality oi the iwo voltages, place resolution and the residual metei 
I he dt input therefore has verj high reading provides a fifth digii oi read 
input impedance ( >l0*ohms) and this out* 

input impedance is maintained ai .ill When the instrumem functions as a 
linns on all ranges, regardless oi d< standard, the resistive dividei oufc 
whether oi not the measuring circuits put becomes the amplifier input, as used to supplj power undei the con- 
are adjusted for a null reading The shown in Fig. II. <Vn output voltage is uol oi Iow-pbwer devices, such us 
impedance of the source thus has negli- selected- b) choice ol the desired range, standard cells, 

gible effect on the im-a>uieniciit and which controls the amplifier gain, and In ali modes ol operation, a reaj 
tfic accuracies of long-term measun by thfe setting of the four voltagi $m panel recx>roer output supplies a volt - 
merits are nni affected bv drift in the switches. These provide the first Eoui age (O-l V) thai is directlj propoi 
measured voltage. digits oi the selected voltage and a tional to meter deJRectioa The instnx- 

The output of the amplifier chain, front panel vfrnihr control provides merit thus also selves as a d< voltage 
attenuated if necessary to within a the 5th and fith digiis. displayed pn amplifier with up to 60 dB of gain (on 
range ol (M volts, is compared *o the ihe from panel mem, the i-volt range with 1000 meter sen- 

sitiytty), Use oi the kecordkr output 
also enables the instrument to serve as 
-i precision ac-to-d< converter in theac 
modes oJ operation. 

DC STABILITY 

I In- bash id stability of the tnstru 
mem is determined primaiih In the 
1-V reference source, the resistive di- 
vider and the range m it k, The terge 
aniouni ol leedbac k makes ilie ampli- 
fier ^iiins essentially independent of 
changes in the othei parameters. 

The IV reference voltage is derived 
lioin a pre-aged Zener diode which, 
along with associated circuitry, is in- 
stalled in i proportionally-controlled 
oven l fir- resistors have matched tern 
peraturc coefficients, I lie total tnstru 
mem temperature coefficient in df 
operation is le^> than 0.00039! C, en 
f% l0.Cimi#am»^^ aWin 8 Pulsion measuremei l« 

fier is concerted to Ion drift dr chopper amplifier hy addition of pkotoconductim ni.ide with < oufidem e in the emiloii- 

modulator ai input and synchronous demodulator at output, it igh-coltage ampli- mem iioriiulK encountered in labora- 

fier is switched in, enabling input cotton** of up to IOQQ 9oli$ to he re-created at , ,^ ,- . 

Output. For Use as dire, treading dr voltmeter, null mrtrr is su itched to read "" X '" P™"^*™ fecdlDCS. io I, 

attenuated output cottage. instrument ttlUSt exhibit .in aCCOTaq 
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Fig. IK In DC standard mode, output of resistive divider bet omen in- 
put to amplifier chain. Summing point compares input to attenuated 
sample of output taken from Range Stick. Amplification by factors 
of 10 are thus obtained by use of RANGE switch. 



or better than 0.008% dp ;ill Mr func- 
tions jj if. h to pass final factor) ihspee- 
[ion. 
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University with a BSEE degree in 1957, 
Bill Smith joined HewJett-Packard and 
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leader on the Model 741A AC-DC Differ- 
ential Voltmeter/DC Standard. At pres- 
ent he is Group Leader of the ac preci- 
sion instrumentation group. Bill is a 
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Fig. 9 is a typical plot til n ,idin^ 
niatk j in the tic differential voltmeter 
mode on a bank nl a standard cells over 
a 4-month period. I ypicaJ total insrm- 
nient stability \s shown here to be 
±.0O|%'day or ±.U01 J "; 'month. 
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AODITIONAt SPECIFICATIONS (See Table I] 

4ip~ MODEt 741 A AC-DC DlFFEflENTIAL 

VOtTMETER/DC STANDARD 

AC DIFFERENTIAL VOLTMETER 
NULL RANGES: 1 mV to 1000 V end scale 

REPEATABILITY; Setter than 0.01% on all 

ranges. 

LINE REGULATION; 0.01% change for 

— 10% line voyage change 
TEMPERATURE COEFFICIENT: 40 ppm/'C 

from 20 c/s to 50 kc/s> <60 ppm/'C Trum 
SO kc/s to 100 Kc/s, between 0'C and 
+ 50 Q C 

DC DIFFERENTIAL VOLTMETER 
NULL RANGES: 1 mV to 1000 V end scale 
REPEATABILITY: Better than 0,001% on all 

ranges. 
LINE REGULATION: 003% change for 

r 10% tine voltage change 
TEMPERATURE COEFFICIENT: 3 ppm/ # C 

from D"C to -f50 n C 
SUPERIMPOSED AC NOISE REJECTION: 

■ 01 • ■ rms error (above 50 c/s). 60% of 

input or 25 V rms, whichever is less. 

HIGH IMPEDANCE DC VOLTMETER 
SUPERIMPOSED AC NOISE REJECTION: Same 

as dc differential voltmeter 

DC STANDARD 
OUTPUT: Floating (up to 500 V) 
OUTPUT CURRENT: to 20 mA; limiler con 

Einuously variable from A to 20 mA. Over 
toad indicator lights Up when current ex- 
ceeds selected limit. 



LINE REGULATION: < ±0,002% for + 10% 

line voltage change. 
LOAD REGULATION: < +0.002% or ±50 A V. 

whichever is greater, no load to fuh load. 
TEMPERATURE COEFFICIENT: * 3 ppm/°C 

from n C to - 50 D C. 
REMOTE SENSING: Permits output regulation 

at pamt of application 
NOISE AND HUM: dc in 1 c/s. 100 dB below 

Full scale; 1 c/s to 1 Mc/s, 100 dB below 

full scale or 200 ^V. whichever is greater. 

DC POWER AMPLIFIER 
BANDWIDTH: dc to 1 
LINE AND LOAD REGULATION: Same as dc 

standard. 
NOISE: Same as dc standard 
SUPERIMPOSED AC NOISE REJECTION: Same 

as dc differential voltmeter, 

GENERAL 
RECORDER OUTPUT: Available in all modes of 

operation 
RECORDER AMPLIFIER: Recorder voltage out 

put directty proportronal to meter deflection 

GO dB gain I'max,), I mA into L k ohm load 
POWER: 115 or 230 V ±10%, 50 to 1000 c/s, 

125 watts ma* 
SJZE: Nommally 16'.* m wide by 7 in high by 

13 ' 4 in. deep ouerall 
WEIGHT: Net: 46 lbs, (20,7 kg). 

Shipping: 60 lbs. (27 kg). 
PRICE: -hp- Model MIA: $1475.00. 

Prices f b. factory 
Data subject to change without notice 
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A 200 kc/s-500 Mc/s FREQUENCY CONVERSION UNIT FOR MIXING, 
MODULATING, PHASE-DETECTING AND LEVEL-CONTROLLING 

A new untuned mixer operates over the extremely 
wide frequency range from 200 kc/s to 500 Mc/s and 
uses a double-balanced circuit for high versatility. 



J-iABORATORlES engaged m M and vhl 

system and circuit development haw in 
the past been forced to builil mixers, 
phase detectors, and modulators as the 
need most-. Consequently^ Mi<h units 
have generally been narrow-hand, gpg- 
cia 1-purpose items ami in most cases 
ihe engineering (fine was not li\ a iLible 
to obtain adequate information about 
their peilotmance. 1 he new rtlixer de- 
st tilled here has been designed tci meet 
the varied needs of signal processing 
from 200 k< s to ram \L $ wilh per- 
formance thai compares favorably 
that which could be obtained in a«pe 
< Lal-purpose unit. 

Yr<m\ 500 fcc/s to 50 \h s tllis "- 11 
ohm mi\er typically provides a wngle- 
sideband t onversion effi< icm \ less than 
6 dli. flat within a small fraction OJ a 
dB, with a noise figure that does mil 
greatly exceed this 0-dB value, A typi- 
cal rcjei lion ol more than 50 (IB for the 
high-level sign;- 1 is obtained over tins 
frequency range. Tins pctlormance is 
approached on up to 500 Mc/s on any 
one p| the pom. 

One ol the ports <>t the mixer is coti- 
I «l<tl to dt ., thus allowing i-llu n-ni oper- 
ation as a low- noise phase deu-i tOT 3 n 
amplitude or pulse moil u la tor, and a 
current-controlled a ttenuatoi ovei the 
200 kt f$ to r»f mi \h \ range. 



MIXER 
MODEL (^j) I05I4A 



5MW NOW 

L 



40 MA 

MAX 
INPUT 

X 



.5-500 MC 
R 




Ftg. 1. New-hp- 105 N A Hal- 
anted Mixer, reproduced here 
at full size, gives high -per- 
form tinea mixing over an ex- 
tremal v broad frequent- v rem ge 
(200 ke/s-560 Me/s). 




Fitf. 2. Bast? circuit arrangement 
tif rwn broadband mixer. Circuit 
is double-balanced to permit effi- 
cient conversion to sum unit dif- 
fer erne frequencies with Utile 
feed through of input signals and 
low generation of intermodula- 
tion products. 



CONNECTIONS 
In all of the applications distuned 
here a nominal 3-m\\ level signal is let I 
into the "L" port. ("*L" is a mnemonic 



CIRCUITRY 



laior broadband puwet in that both 
halves ol the input sine wave are load- 
ed In the diodes. With this arrange- 
ment the impedances at the "R" and 

\ poi ts are noL much greater than 50 designation alluding to "local oscillat- 

uhms. The discussion here assumes that or" or "large" signal.) The 5-niW signal 

1 he circuit shown in Pig, 2 was the new mixer is used in a 30 ohm svs- level is. however, not critical in the 

i hosen lor the mixer to minimize the tern, but the use of a 73 ohm load at the mixing or phase detecting modest)! op 

It •< il-thru from any one port to another, IF, or "XV port should yield about the eration. For example, the conversion 

to provide good impedance matching -.ame results, efficiency is decreased as the high-level 

The diodes used are <i specially- signal IS decreased as shown in Fig. 5. 

selected quad of "hot carrier" diodes The "L" port has a useful frequency 

produced \)\ hp Associates rbescdiodes range of 200 k< s to 3(H) M< % 
aredosel] matched, so thai onl) a reia- The * l R rf port (lor **rf" signal port) 

balanced operation with a minimum tively small amount of higher order in- is the normal low-level input port lor 

of loss over the 200 kc v to ^m M< s termodulation products is produced, mixing and phase-detecting modes. Foi 

range. This balancing provides a mint- The diodes also have such a small modulation applications, this pori 

ilium of feedthru between any two amount of charge storage (short life- would normal!) be the output port It 

ports. Ihe Circuit is arranged so that time) lhat the mixing is nut deterinr- ha$ a USetu] frequency range of 200 

efficient use is made ol the local oscil- ated by this facto) even at 500 Mt s. kt s to 300 M, 



at the low -sigi i.i .1 -level ports, ami to 
allow for several tlifferem modes of op- 
eration. The transformers were sj>e 
daily developed to provide very lv><k( 
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Fig, 3, Oscillogram w spectrum analyzer presentation show- 
ing excellent currier rejection at balanced modulator out- 
p u f * >f n € u tn ix t j r. A > Q*Mt fs S i tf nai is b t * in # m O d a la ted b > 
n l-Mrfs signal. Vertical stair i& 10 dB/cm so carrier re- 
jection is well above ~* u d&. Horizontal scale is I Mc/sfetn, 






Fig. 4. Dtail-tnicc oscUlogrwn showing balanced output of 

new mixer and the modulating waveform* Carrier Wi 
inserted at hat anted modulation oat pat to obtain ordinary 

f mttu arricr-xupfiresscti } mod tt latum, but ordinary modula- 
tion (or control ttj output h-t-eh ran also be obtained by 
apply inn a tic tut rent with modulating signal, Modulating 
signal (fin be any frequency from dc to 500 Mt fs. 



\\\v X ' pin i f'X" standing for 
"mihi or difference" signal) is tlu b nor- 
mal qutpui pori lor mixing and phase 
detecting tiincUs. For modulation and 
attenuation appUcat ions, however, tins 
pori would norma J h be an input port, 
1 1 liits a use J ill frequency range ofd< lo 
500 Mi s. With either polarity of dt 
applied there will be i wo diodes, in par- 
allel ai this port, requiring care when 
using external power supplier A peak 
limitation ol I" milliarnperes (much 
less than I volt) is specified to protei i 
the (.Modes. 

PERFORMANCE 

When die new mixer is used as a 
phase detector or down-converting 



mixer, single-sideband conversion effi 
dene) like that shown (for .1 sample 
unit) in Fig; 6 tan be expected. Mote 
ikii the response is constant within 
±0.2 dB from 500 krs to 50 M< s. 
AIkhii 03 dB improvement in conver- 
sion efficiencj can he achieved by pro- 
viding. a shon circuit at the undesired 
side-hand frequency at ihcoutput port. 
Neat tin.- "fill response point-* about 
the same amount oi improvement can 
ix achieved hv raising the high-level 
signal .1 few dll. ("or an uj>converting 
mixer the response will be quite similai 
h. 1 lui in Fig, 6 with the output fre- 
quent \ taken as the abs* issa. 

It is expected th:n this unit will In id 
application as a component in single 



z 7[ 



^^^ — :■ 

' jtf'^ 1 " 



e 

2 



DB 
[-5.3 Eft) 



side-band systems. Fig. ;> shows the sup- 
pressed^ arrier modulation perfoi m- 
ance obtainable in the lit frequency 
range, Nore tlut the vertical scale is 
It) dft pei tin, showing ih;it the carriei 
is suppressed hv well over &0 dB. With 
< arrier suppression like this, the carrier 
rejection requirements placed on lui 
asscN iated single sideband hhei are 
greatly reduced, Also, carrier rejection 
ol this degree allows the possibility ol 
generating a more than acceptable sin- 
gle-sideband by the phasing method. 
Balance is a very important feature ol 
iht* mixer and the specifications give 
[unit feed thru values which should be 
ol interest foi general signal-processing 
applications, These conservative levels 
show, for example, theamouni ol isola- 
tion between the local oscillator and 
the IF port (in ;■ receiver application) 
without the benefit ol filtering 



■O— —O D 



2 4 6 

AVAILABLE FQWLR {DBW) AT "L" 






J 10 LOO 

FREQU.'. HO F. »NPUT SIGNAL:. 



1 m 



Fig. 5, Single aide-band conversion efficiency of a typical mixet 

as a junction of power available from 5Q-ohm source. Input 

signals at I Mcfs teith lower leu I input at 10 uiV. 



Wig. <5. Relative frequency response 0} a typical mixrn us* 
a down-converting mixer. The lower-frequency input F, was at 
+ ? dHm. the higher F>, at —3 dttm, 0-tlB referent*' aas 5J dB 
conversion efficiency. 
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(a) 



(b) 



(C) 



Fig, 7. OsciUograms showing fast -pulse modulation performance af new mixer. 
Modulating pulse is OJ psec wide, repetition rote is i Mefs, ear Her is 50 Me/s. 
(<n shows clean rf pukes obtainable, (h) is (a) expanded !() times to show more 
clearly the precise turn-on and turn-off capability of the mixer, (c) is a spectrum 

analyzer presentation of modulated carrier showing dispersion and envelop* oj 
spectral components on a log scale (10 dB/cm). (d) is a frei(u> '■■< v expansion of 
(e) and more clearly suggests the USe «/ pals* modulation with the mixer as a 
spectrum or comb generator. Vertical scale is W dRfim and horizontal is l Mt /s /em. 



Hie new mtxei <.m be converted 
from a suppressed carriei modulatoi to 
an amplitude modulator (with good 
control «>] the amplitude level) In add- 
ing some d< current with the modulat- 
ing signa.' (Fig. I). The <!< curreni can 
be adjusted to control ihc amplitude 
modulation level b\ tml^iLjinc his* the 
diode l)i idge. 

The last application leads naturally 
to the thought ol pulse modulation. 
The mixer's capabilities in this area are 
shown in Figs. 7(a) to (d), I beseosi illo- 
grams show the quality ol pulse modu- 
lation obtained using short, high-repe- 
ti lion- rate pulses, \ l-M< 1% repetition 
rate, 300-mV, 10 sec-wide pulse was 
applied ,n i lu* "X" pin i, and .i 500 m\ , 
50 Vfi s signal at tin ll l\ ' port. Fig, 7(a) 
shows the mixei output on .« lineai ver- 
tical scale <is ;i I um tion of time with a 
- ■ I" se« pi j i c mi sweep, Fig. 7{b) is • 
time expansion oj this to show more 
detail at 2 ;-: 10 set pei (in. Pig, 7(c) 
shows the output mi a log vei tical m ale 
as a function oi frequency w\l\\ ;i 7 
Mi s per cm sweep. Fig, 7(d) is a Fre- 
quent J expansion ai I \h ^ pel ( in. 

CURRENT^CONTROLLED 
RF ATTENUATOR 

is i straight currentn:ontrofled ai 
tenuatoi (he performance ai 50-M< \ 

is shown in Fig, 8, V 50*Mt s signal 
a ;i level ol ^.g dHm (a larger input 
will resuli ttigreatei insertion loss) was 



applied to the "I. port, Phedt control 
curreni was then applied io the "X 
port, and the output taken from the 
"R" port* Note the low insertion loss 
and the 50-dB range ovei whit h the at- 
tenuation Is highly linear with control 
t urreiu. The second harmonic i ontem 
in the output in this mode ol operation 
is quite low, as shown it] Fig. s, while 
i he third hatmorih < .in be easjl\ 
blocked ironi following circuits b% , t 
simple filter. The 10-mA limit value ol 
imirnt mentioned earliei also applies 




id) 

in this work and a series resistor ol 
sulfu ient value should he used dire* Mv 
in series with the "X" port. 

For general signal processing, thi 
mixer intermodulation product levels 
arc of considerable interest. Ih' 
n.il levels are ordinarily troublesome n> 
measure, so as ,i convenience to the 
use* typical values are given in the 




DC CONTROL CURRENT IN MILLlfcMP£U£S 



40 100 



Fi^- 8 Typical at tenant hm (solid fine) nt mixer Output (' R" port J of o sig 
nal applied to "L" port as a function of a dc control curreni applied to "X" 
port, (See ulst> Fig. 4 ) dB is +«7 dBm input level In pat signal is 50 
Me js. Shaded lines show relative harmonic am tent in mixer Output vs. 

control current for a typical nwcei I Me/s inpul signal level at +.v dfim 
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(%. £>. /f/oc/: diagram uf measurement arrangement using neu mixer 
in evaluating short-term stability of high-quality signal sources. 



specifications foi distortionless inputs 
at a particular l"„ level with resistive 
terminations. This performance is sift- 
nilicuiilv better tlum thai measured 
with othei diode mixers Evaluated. 
I hese intermodulation products are 
nut a strong function of the hi^h-Ievel 
signal, l>ni the) are bighl) dependent 
on ihc low-level signal- A redui tion in 
the low-level signal will greatly reduce 
the intennoduation levels. 

FREQUENCY STABILITY MEASUREMENTS 

When used ;*s a phase detector, the 

new mixer fa valuable in determining 

the short-term stability of high*qualtty 

signal sources. Two signal SOUfti 

DESIGN LEADER 




Victor E Van Duzer 

Vic Van Duzer obtained a BSEE de- 
gree from the University of Illinois in 
1957 and an MSEE degree at Stanford 
University in 1959, He has been with 
Hewlett Packard from 1958 to present 
working as a development engineer and 
a development section manager; His de- 
velopment work has included sampling 
oscillography. very last rise-time purse 
generation, and frequency synthesis. Mr. 
Van Duzer has patents and applications 
for patents filed in these areas of de- 
velopment. 



he applied to the rnixei to J ran slate the 
instability down to a lower frequency 
foi easier evaluation. It the two signals 
are adjusted to the same lie(|Uene\ and 
co quadrature phase position, the out* 
pui phase noise tan be monitored with 
a low-frequent \ analyzer Eoi phase 
noise plots. A band-limited voltmeter 
can be used tor a gross measure, ;i> can 
a frequency counter for averaged time 
sample measurements (by providing 
some frequency oflsei oi the signals to 
be checked). With a suitable low-noise 
amplifier placed alter the mixer, the 
performance oi the highest qualit) sig- 
nal sources ran be evaluated. A liloik 
diagram for this application is shown 
in Fig, B. The i>< locking line is bro- 
ken when >■ frequency ull'set is used for 
counter measurements, U the sources 
are boih of the type to be evaluated, 
the noise power from each is generally 
considered equal and the results are 
improved by 3 dB to represent the per- 
formance of a single soun i 

ENVIRONMENTAL PERFORMANCE 

Uu mixer was designed to with- 
stand adveise environmental condi- 
tions, For less severe conditions tins 
ability i> general!) considered a meas- 
ure <>i reliability. This mixer has been 
type tested to meet its specifications 
over to 55 C and thin live < v< les ol 
10 (, and 95% humidity. Other tests 
include - 10 C to ■ 7"> ( exposure, 
0.01 inch peak-to-peak vibration to 55 
ivt les, I in* h beni h drop, and altitude 



SPECIFICATIONS 

MODEL 10514A 
DOUBLE BALANCED MIXER 
INPUT/OUTPUT FREQUENCES: "L" and "R 
ports: 200 kc/s to 500 Mc/&; "X' port: dc 
to 500 Mc/s 
MAX. INPUT: 40 mA mex 
IMPEDANCE: Designed for use in a 50- ohm 

system 
MIXER CONVERSION LOSS: 

CA) 7 dB max. for t x and f R m the 500 foc/i 
to 50 Mc/s range and f ¥ from dc to 50 
Mc/s ff, level M 5 mW and f, level less 
than 1 mW]. 
(B) 10 dB max, for f. and fL in the 200 kc/s 
to 500 Mc/s range and fj, from dc to 500 
Mc/s if L level at 5m W and f„ revel less 
than ] mW). 

NOISE PERFORMANCE: 

S dB max. noise figure for conditions of iA* 
above except f x mm. frequency of 50 
kc/s. 
11 dB max noise figure for conditions of <B) 
above except f ^ mm. frequency of 50 
kc/s. 
10-- volts per root cycle max, at output for 
conditions of (A) or (B) except f t at 10 
cycles. 
MIXER BALANCE: 

AS IN (A> AS IN £8) 

40 dB 40 dB f t at R with f L reference 
45 30 f, at X with f L reference 

45 30 f„ at L with f a reference 

25 10 f„ at X with f t reference 

40 10 f, at L with f x reference 

25 5 f, at R wfth f^ reference 

TYPICAL COMPRESSION: By r u signal pres 
ence interfering with f,, signal (f { level 
at 5 mW); 
1 dB for f tl level of 1 mW 
10 dB for 1 nj level of 10 mW. 
INTERM0DULATION: Typical intermodulation 
product production with f L level of 5 mW and 
f R at 70 mV 

product Level referred to f x level 

2f L - f, 35 dB 

4f L - 3f K 70 

sf, 4f, as 

Gf L 5f R 90 

7f u - 6f t ] 00 

2% f L GO dB 

3f ft 2f u 55 

4f t 3f L 85 

5^ 4f L 75 

6f t - 5f L 95 

7^ 6f L 85 

CONNECTORS: BNC. 
DIMENSIONS: 2.3 in. x OS in x J .8 m. 

(59 x 15 x 47 mm) 
MOUNTING: Tapped 4 40 NC hole pair on 

2.062 in, centers on connector side, 
WEIGHT: 5 ounces 0*0 grams; 
PRICE: S250.00, 

Note: AM specifications are for 50 4 ..* term ins 
lions and F t level of 5 mW. 

Prices fob factory 
Data subject to change without notice. 



to 15,000 feet while opera tin*;, On 
the mosi Important environmental U i .<- 
tures ol ihis unit is the type test mm 
pliance with rigid KT'I specifications 
such j>M1L-Ki|SID 

Vi\ lor E Van Duzei 
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500 kc/s-500 Mc/s FREQUENCY DOUBLER 




DOUBLER 



I05I5A 



J* TXF f*0€? JU47 




Pig. 2. Basic circuit of new doubter. Use of 
balanced circuit achieves high rejection of 
first and third harmonics. Doubter ran he 
Used OS a very broadband AC D< con 
\ . -t iff if no external dc return is used. 



Fig. I. New -hp- lOBtSA Frequency Dou- 
bter (shown actual $ue) produces outputs 

from t to !0()() Mcfs I ram inputs of Q& to 
500 Mcfs rind thus doubles tfk usable 
frequency range uf existing signal sources. 

±\ is 'OFTEN valuable to be able u» in optimized i«»i use in ;i 50*ohiH system* 

crease the frequency coverage of signal rhe frequency response oi the output 

generators, (requeue) synthesizers ami ts typically constant within 1 tlB tmm 

other signal sources, to permit this, a I to Ltiuo Mi s fm inpui signals i>< 

new broadband frequencj double] has twcen 5 and 18€ m\V and an output 

bfrn designed which operates on in- load <>l r »u ohms resistive. On single 

puts horn 506 k* i to 500 Mi v yield- Erequenc) input, the reject ton of the 

[rig outputs from I to 1,000 \l< s, the firs* and third harmonics of the input 

dtxibJer is extremely convenient (see is typically greater than 30 dB relative 

photo), lias a quite flat frequency it- to the desired output, This rejection 



sponse with a 10-dB conversion effi" 

tiemv, and has high rejection ol the 

first and third harmonics ol the input. 

I he double] uses ;i pair oj matched 

hoi i ai r ii r dnidr-v iw s \ ( ircuii thai is 



applies lot highest rated frequencies; 

lor outputs in the region from 1 to MM* 
M' *, i fir rcji-i t ion nl rh< In si and third 
harmonics is typical lv gicatc-r than 15 
dB. 

The device can also be used as a 
broadband ac-to-dc converter h\ oper- 
ating it without an external dc return 
■arh. 

— Delay E Van Duzei 




Fig. -5. Dual trace oscilloscope presenta- 
tion of typical operation of new doubter 
showing relative absence of undesired tnit- 
put components. Input (top) to doubl 
a I volt. 500-Mifs signal: corresponding 
t0O0'Mc/s output f loiter) is delivered to 
> tternai 50-ohm load. At fairer operating 
frequem ies the output will typically con- 
tain somewhat more fourth harmonn 
appear more like full-wave rectification. 



Fir. 4 Spectrum analyzer presentation of 
typical output of new doubter when driven 
by a I -volt, BOQ-Mc/s input. First through 
fourth harmonic* are displayed. Vertical 
state is 10 dB/cm; thus inure than 
dH repletion occurs for first ami third 
hnrtneniCt 



SPECIFICATIONS 

MODEL 1051 5 A 
FREQUENCY DOUBLER 

FREQUENCY RANGE: 0.5-500 Mc/s input 

1-1000 Mc/s output 

IMPEDANCE: 50 ohm nominal {source and 
load). 

INPUT SIGNAL VOLTAGE: Q B-&Q Vrms. 
INPUT SIGNAL POWER: 180 mW (max.). 
CONVERSION LOSS:* 

<12 dB {typically <10 dB) for >1 volt. 

0.5 to 50 Mc/s input, 
<13 dB (typicalTy <11 dB) for >0.5 volt, 
0,5 to 500 Mc/s input 
SUPPRESSION OF 1ST AND 3RD HARMONIC 
OF INPUT: 3 

>35 dB for 0,5 to 50 Mc/s input (typrcally 

>*5 dB), 
>20 dB for input to 500 Mc/s (typicalJy 
>30dB). 
ENVIRONMENTAL PERFORMANCE: Type 
tested to 0-55 "C, 40'C/95% humidity, and 
compliance with MILI 51&1D interference 
specification. 
DIMENSIONS: 

DIAMETER 7 <n (IB mm) 
LEMGTH: 2.5 in. {64 mm). 
CONNECTORS: 

INPUTr BNC male 
OUTPUT: BNC female 
WEIGHT: Approximately 2 ounces (56 grams) 
PRICE: &12G00. 

Prices f.o.b. factory. 

Data subject to change without notice 

1 With a 5Qohm resistive lead and 3 single input f re* 

qyency, Suppression vafues are referred lo ftie destnsd 

output level. 



WHICH DC VOLTMETER? 

The meaning of voltmeter specifica 
tjoris. techniques for calibrating high ac- 
curacy dc voltmeters, and methods of 
dealing wjth extraneous noise in dc volt 
tage measurements are some of the top- 
ics discussed in a new application note, 
■ Which DC Voltmeter?", available with 
out charge from Hewlett Packard. Other 
articles in the application note survey 
the various types of analog and digital 
dc voltmeters, review the advantages 
and limitations of each type, and com- 
ment upon the factors to be considered 
in selecting a dc voltmeter. 

To obtain a copy, ask your nearest 
-hp— field office for ^hp- Application 
Note No. 69 or write: 

Hewlett Packard Loveland Oiv. 
P.O. Box 301 
Lovefand, Colo. 80537 
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